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[Document Title] SPECIFICATION 

[Title of the Invention] VOLUME HOLOGRAM RECORDING 
PHOTOSENSITIVE COMPOSITION, VOLUME HOLOGRAM RECORDING 
PHOTOSENSITIVE MEDIUM AND VOLUME HOLOGRAM 
[Patent claims] 

[Claim 1] A volume hologram recording photosensitive 
composition, comprising a fluorine-contained 
photoreacti ve compound represented by the following 
formula ( 1 ) : 

R x -R 3 - (CF 2 ) n -R 4 -R 2 Formula (1) 

wherein R 1 and R 2 are photoreact ive groups which can be 
bonded to each other by photoreaction, and each of R 3 and 
R 4 is a single bond or a bivalent hydrocarbon group having 
1 to 5 carbon atoms, and n is an integer of 1 to 30. 
[Claim 2] The volume hologram recording photosensitive 
composition according to claim 1, which further comprises 
a photopolymeri zat ion initiator. 

[Claim 3] The volume hologram recording photosensitive 
composition according to claim 1 or 2, which further 
comprises a binder resin. 

[Claim 4] The volume hologram recording photosensitive 
composition according to any one of claims 1 to 3, which 
further comprises a refractive index modulating component 
other than the fluorine-contained photoreact ive compound. 
[Claim 5] The volume hologram recording photosensitive 
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composition according to any one of claims 1 to 4, wherein 
R 1 and R 2 in the formula (1) have any one photoreact ivity 
selected from radical photopolymeri zation, cationic 
photopolymerization, anionic phot op olymeri zation , and 
polymerization advancing via phot odimeri zation . 
[Claim 6] The volume hologram recording photosensitive 
composition according to claim 5, wherein each of R 1 and 
R in the formula (1) is independently an acryloyl group 
or a methacryloyl group. 

[Claim 7] The volume hologram recording photosensitive 
composition according to claim 5, wherein each of R 1 and 
R 2 in the formula (1) is independently an epoxy group or 
an oxetanyl group. 

[Claim 8] The volume hologram recording photosensitive 
composition according to any one of claims 1 to 6, wherein 
each of R 1 and R 2 in the formula (1) is an epoxy group, 
and n is an integer of 4 to 20. 

[Claim 9] The volume hologram recording photosensitive 
composition according to any one of claims 1 to 6, wherein 
each of R 1 and R 2 in the formula (1) is an oxetanyl group 
represented by the following formula (2): 

[Chem. 1] 
Formula (2) 




wherein R 5 is a hydrogen atom or an alkyl group having 1 
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to 10 carbon atoms, and n is an integer of 4 to 20. 
[Claim 10] A volume hologram recording photosensitive 
medium, comprising a layer made of the volume hologram 
recording photosensitive composition according to any one 
of claims 1 to 9. 

[Claim 11] A volume hologram comprising a hologram layer, 
wherein the hologram layer is formed by subjecting the layer 
made of the volume hologram recording photosensitive 
composition according to any one of claims 1 to 9, to 
interference-exposure ; 

and wherein the hologram layer has 0.025 or more of 
refractive index modulation (An) between its low refract ive 
index region and its high refractive index region. 

[Detailed description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to a new photosensitive 
composition capable of recording a volume hologram, a 
volume hologram recording medium using the same, and a 
volume hologram produced using the photosensitive 
composition . 

[0002] 

[Prior Art] 

A volume hologram is produced by allowing object 
lights and reference lights each having high coherency 
(interfering ability) and an equal wavelength to interfere 
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with each other, radiating the resultant lights into a layer 
made of volume hologram recording material, and recording 
three-dimensional information about the object, as 
interference fringes, inside the recording material layer. 
The interference fringes can be recorded, for example, as 
a variation in the refractive index corresponding to bright 
or dark regions of interference light, inside the recording 
material layer. Volume holograms are widely used in fields, 
for example, for design purpose, security purpose , optical 
element purpose and others since the volume holograms make 
it possible to represent an object three-dimensionally , 
have high diffraction efficiency and wave selectivity, and 
need high-level producing technique. 
[0003] 

As photosensitive compositions for producing volume 
holograms, an OmniDex series available from Du Pont is only 
one present in the market under mass-production. This 
material is a dry-developable type photopolymer material 
which uses a radical polymer i zable monomer, a binder resin, 
a photo-radical polymer i zat ion initiator and a sensitizing 
dye as its major components and make use of a difference 
in refractive index between the radical polymer i zable 
monomer and the binder resin. That is, when the 
photosensitive composition formed into a film is subjected 
to interference-exposure, radical polymerization is 
initiated in regions where the light is intense and a 
gradient of the concentration of the radical polymer i zable 



6 



monomer is generated accordingly. Thus, the radical 
polymerizable monomer molecules diffuse and move from 
regions where the light is weak to the regions where the 
light is intense. As a result, the radical polymerizable 
monomers can be made dense or thin dependently on the 
intensity or weakness of the interference light, so that 
a refractive index difference is generated. This material 
system has the best performance among volume holograms 
photopolymers which have been reported up to the present 
time. However, it has been pointed out that the system 
has problems about heat resistance and transparency. 
[0004] 

A material system using radical polymerization and 
cat ionic polymerization together is reported . For example, 
Japanese Patent No. 2873126 discloses a system using a 
monomer having a diarylf luorene skeleton as a high 
refractive index radical polymerizable monomer and a 
cationic polymer i zable monomer which has a lower refractive 
index than the radical polymerizable monomer. In this 
system, the high refractive index components are 
polymerized by radical polymerization at the time of 
interference-exposure, and subsequently the images are 
fixed by cationic polymerization at time of 
fixation- expo sure . 
[0005] 

A material system using cationic polymerization is 
also disclosed in, for example, USP No. 5759721. This 
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material system has an advantage of being free from such 
oxygen inhibition as seen in a radical polymerization 
system. However, this system has problems that it has low 
photosensitivity (photospeed) to cationic polymerization 
and it is difficult to provide this system with sensitivity 
in a long-wavelength range. 
[0006] 

Moreover, Japanese Patent No. 2953200 discloses a 
material system using a combination of an inorganic 
material network and a phot opolymer i zable monomer. When 
an inorganic material capable of forming the network is 
used as a binder, there are produced advantages that this 
material system is superior in heat resistance, 
environmental resistance and mechanical strength and 
further the refractive index difference between the 
photopolymeri zable organic monomer and the inorganic 
material can be made larger. But there are caused problems 
that the hologram recording film prepared from this 
material system is somewhat brittle and inferior in 
properties of flexibility, processability and coating 
ability and that it is difficult to prepare a homogenous 
coating material since the compatibility between the 
inorganic binder and the organic monomer is not good. 
[0007] 

Japanese Patent Application National Publication No . 
2000-508783 discloses, as a hologram recording material, 
a material in which metal superfine particles are dispersed 
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in a solid matrix. However, in this material, it is 
required to provide the matrix with fluidity so that there 
is a problem of poor solidity. 
[0008] 

In particular, known examples of a combination use 
of a high refractive index binder resin containing an 
aromatic ring and a low refractive index fluorine-contained 
monomer include Japanese Patent Application Laid-Open 

(JP-A) Nos. 5-210343, 5-210344 and 5-257416. According 
to this combination, however, the sensitivity at the time 
of interference-exposure is not so high since the 
polymerization reactivity is insufficient. In order to 
promote the polymeri zability of the fluorine-contained 
monomer, it is stated that a poly functional acrylate is 
added thereto. However, this method obstructs the low 
refractivity which the fluorine-contained monomer 
originally has. 

[0009] 

A known example of a combination useofalow refractive 
index binder resin, composed of a fluorine-contained 
acrylic monomer and a nonf luor ine-contained acrylic 
monomer, and a high refractive index monomer in which an 
aromatic ring is contained include JP-A No. 6-67588. 
However, this example also has problems that the low 
refractivity of the fluorine-contained acrylic monomer is 
obstruct by copolymer i zat ion thereof with the 
nonf luor ine-contained acrylic monomer and further 
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yellowing is liable to be caused by the aromatic ring of 

the aromatic ring-contained monomer. 

[0010] 

Since fluorine-contained compounds generally have 
a very low refractive index, they are expected as materials 
for making a refractive index modulation large. However, 
the compounds are poor in compatibility with other blend 
components such as a binder resin. Thus, the range from 
which other blend components can be selected is limited 
and further it is difficult to make the blend ratio of the 
fluorine-contained compound high. For this reason, in 
material systems in which a fluorine-contained compound 
is blended as a refractive index modulating component, the 
An thereof has been hitherto unable to be sufficiently 
improved. Thus, it has been desired to improve the An when 
such a material is applied to new optical elements. 
[0011] 

[Problem to be solved by the Invention] 

In light of the above-mentioned situation, the 
present invention has been achieved. An object of the 
present invention is to provide a volume hologram recording 
material, a volume hologram recording medium, and a volume 
hologram which have a larger refractive index modulation 
(An) than those in the prior art. 
[0012] 

[Means for solving the Problem] 

In order to attain the above-mentioned object, the 
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volume hologram recording photosensitive composition 
provided by the present invention is characterized in that 
it comprises a fluorine-contained photoreact ive compound 
represented by the following formula (1): 

R x -R 3 - (CF 2 )n-R 4 -R 2 Formula (1) 

wherein R 1 and R 2 are photoreact ive groups which can be 
bonded to each other by photoreact ion , and each of R 3 and 
R 4 is a single bond or a bivalent hydrocarbon group having 
1 to 5 carbon atoms, and n is an integer of 1 to 30. 
[0013] 

The volume hologram recording photosensitive medium 
provided by the present invention is characterized in that 
it has layer made of the volume hologram recording 
photosensitive composition . 
[0014 ] 

Further, the volume hologram provided by the present 
invention is characterized in that it has a hologram layer 
which is formed by subjecting a layer made of the hologram 
recording photosensitive composition, to the interference 
exposure, the refract ive index modulation (An) between its 
low refractive index region and its high refractive index 
region being 0.025 or more. 
[0015] 

The volume hologram recording photosensitive 
composition according to the present invention comprises 
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the fluorine-contained phot oreactive compound represented 
by the formula (1) as a refractive index modulating 
component. This fluorine-contained photoreact i ve 
compound has fluorine atoms in the molecular structure 
thereof; therefore, the compound generally has a very small 
refractive index and is suitable for a low refractive index 
type refractive index modulating component. 
[0016] 

Since this fluorine-contained phot oreactive 
compound has a very high compatibility with other blend 
components such as a binder resin, ranges from which other 
blend components can be selected extend very wide. 
Accordingly, binder resins, monomers and oligomers which 
take a large refractive index modulation can be selected 
from wide ranges. Thus, the blend ratio of the 
fluorine-contained photoreact ive compound can be made high 
without damaging the transparency of the volume hologram 
recording photosensitive composition . 
[0017] 

Since this fluorine-contained photoreact ive 
compound has two photopolymer i zable groups in the single 
molecule, it has a large polymerization reactivity at the 
time of interference-exposure. 
[0018] 

In addition, in the f luorine-contained photoreact ive 
compound, the number n of the repeating units of the 
methylene having fluorine atoms (CF 2 ) is limited to 30 or 
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less, and therefore the fluorine-contained photoreact ive 
compound is liable to cause diffusing/moving at the time 
of interference-exposure - 
[0019] 

Consequently, this fluorine-contained 
photoreactive compound is superior in compatibility, 
polymerization reactivity, and diffusing/moving ability, 
and by incorporating this compound, as a refractive index 
modulating component, into a volume hologram recording 
photosensitive composition, superior sensitivity and 
refractive index modulating effect can be obtained. 
[0020] 

Further, by adding, to this fluorine-contained 
photoreactive compound, other blend component such as a 
photopolymerization initiator, a binder resin or the like 
appropriately, a non-fluid volume hologram recording layer 
can be formed on a substrate. Thus, a dry-developable 
volume hologram recording photosensitive medium having a 
good sensitivity and a large refractive index modulation 
can be obtained. 
[0021] 

Consequently, it provides a volume hologram recording 
photosensitive material, a volume hologram recording 
medium and a volume hologram which are superior in hologram 
recording performances such as a refractive index 
modulation and sensitivity. 
[0022] 
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The volume hologram recording photosensitive 
composition according to the present invention can comprise 
a refractive index modulating component other than the 
fluorine-contained photoreact i ve compound represented by 
the formula (1). When the fluorine-contained 
photoreactive compound represented by the formula (1) is 
used in combination with the second refractive index 
modulating component, the refractive index modulation An 
at the time of interference-exposure can be made larger 
by the so-called volume exclusion effect, 
[0023] 

The photoreactive groups R 1 and R 2 contained in the 
fluorine-contained photoreactive compound represented by 
the formula (1) preferably have any one photoreact ivity 
selected from the group consisting of the radical 
photopolymeri zat ion, cationic photopolymer i zat ion, 
anionic photopolymeri zat ion and polymerization advancing 
via phot odimeri zat ion . It is particularly preferable that 
they are an acryloyl group or a methacryloyl group 
independently to each or an epoxy group or an oxetanyl group 
independently to each. 
[0024 ] 

Among the fluorine-contained photoreactive 
compounds represented by the formula (1), preferred are 
compounds wherein each of R 1 and R 2 is an epoxy group and 
a compound wherein each of R 1 and R 2 is an oxetanyl group 
represented by the following formula (2): 
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[0025] 
[Chem. 2] 
Formula (2) 




wherein R 5 is a hydrogen atom or an alkyl group having 1 
to 10 carbon atoms, and n is an integer of 4 to 20. 
[0027] 

[Mode for Carrying out the Invention] 

The present invention is described in detail 
hereinafter. In the specification, the word 
meth ( acrylate ) represents acrylate and methacrylate, the 
word meth(acryl) represents acryl and methacryl, and the 
word meth ( acryloyl ) represents acryloyl and me thacr yloyl . 

[0028] 

The volume hologram recording photosensitive 
composition provided according to the present invention 
contains at least a fluorine-contained phot or eact i ve 
compound represented by the following formula (1): 

Formula (1) 
R 1 -R 3 - (CF 2 ) n -R 4 -R 2 

wherein R 1 and R 2 are phot oreact i ve groups which can be 
bonded to each other by phot oreact ion , and each of R 3 and 
R 4 is a single bond or a bivalent hydrocarbon group having 
1 to 5 carbon atoms, and n is an integer of 1 to 30. 
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[0029] 

The An calculated on the basis of Kogelnik's theory 
is a value representing a refractive index modulation in 
a refractive index distribution formed in accordance with 
interference light incident on a photosensitive material. 
As this An is larger, a better hologram, which is visually 
brighter, can be obtained. 
[0030] 

The volume hologram recording photosensitive 
composition according to the present invention contains, 
as a component for generating this refractive index 
modulation An (a refractive index modulating component) , 
a bifunctional fluorine-contained photoreact ive compound 
having a structure represented by the formula (1) . This 
fluorine-contained photoreact ive compound has fluorine 
atoms in the molecular structure thereof, and therefore, 
generally has a very small refractive index, thus being 
suitable for a refractive index modulating component of 
a low refractive index type. The fluorine-contained 
photoreact ive compound contained in a volume hologram 
recording material layer produced by using the volume 
hologram recording photosensitive composition of the 
present invention diffuse and move at the time of 
interference-exposure, thereby being unevenly present at 
a high concentration at intensely-exposed regions or 
weakly-exposed regions. Then the molecules are fixed by 
polymerization reaction, so that the refractive index of 
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the regions where the fluorine-contained phot oreact i ve 
compounds are unevenly present is remarkably lowered. 
[0031] 

Since the fluorine-contained photoreact i ve compound 
having the structure represented by the general formula 
(1) has a very high compatibility with other blend 
components such as a binder resin, ranges from which other 
blend components can be selected extend wide. Accordingly, 
the binder resins or monomers and oligomers which take a 
large refractive index modulation can be selected from wide 
ranges. Thus, the blend ratio of the fluorine-contained 
photoreacti ve compound can be made high without damaging 
the transparency of the volume hologram recording 
photosensitive composition . 
[0032] 

Since this fluorine-contained photoreact ive 
compound has two photopolymeri zable groups in the single 
molecule thereof, the polymerization reactivity thereof 
is large at the time of interference-exposure. This 
fluorine-contained photoreact ive compound has a large 
polymerization reactivity, and it is unnecessary to add 
a large amount of a poly functional acrylate or the like 
for raising the polymeri zabil i t y of a fluorine-contained 
monomer as performed in the prior art. Therefore, low 
ref ractivity, which is a characteristic of the 
fluorine-contained photoreact ive compound, is not 
obstructed . 
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[0033] 

In addition, in the f luor ine-cont ained photoreact ive 
compound, the number n of the repeating units of the 
methylene having fluorine atoms (CF 2 ) is limited to 30 or 
less, and therefore the fluorine-contained photoreact ive 
compound is liable to cause diffusing/moving at the time 
of interference-exposure. 
[0034] 

Consequently, this f luor ine-cont ained 
photoreact ive compound is superior in compatibility, 
polymerization reactivity, and diffusing/moving ability, 
and by incorporating this compound, as a refractive index 
modulating component, into a volume hologram recording 
photosensitive composition, superior sensitivity and 
refractive index modulating effect can be obtained. 
[0035] 

In the formula (1), R 1 andR 2 maybethe same or different 
if they are photoreact ive groups which can be bonded to 
each other by irradiation with light. Examples of the 
photoreact ive group include groups which advance reaction 
with a reaction style of polymerization such as radical 
photopolymeri zat ion , cationic phot opolymer i zation or 
anionic phot opolymer i zat ion , or polymerization advancing 
via photodimerization or the like. 
[0036] 

Examples of the radical phot opolymeri zable group 
include functional groups having an ethylenically 
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unsaturated bond (preferably, an ethylenic double bond) . 
Specific examples thereof include acryloyl, methacryloyl, 
vinyl, vinylcycloalkyl , and allyl groups or the like. 
Among these groups, acryloyl and methacryloyl groups are 
preferable from the viewpoint of reactivity. 
[0037] 

Examples of the cationic photopolymer i zable group 
include cyclic ether groups such as epoxy and oxetanyl 
groups; thioether groups; and vinyl ether groups. Among 
these groups, cyclic ether groups such as epoxy and oxetanyl 
groups are preferred since the shrinkage, following the 
polymerization reaction thereof, is small. Compounds 
having an epoxy group among cyclic ether groups have an 
advantage that compounds having various structures are 
easily available. An oxetanyl group among cyclic ether 
groups has advantages that it has a higher polymerization 
degree and a lower toxicity than an epoxy group. 
[0038] 

An example of the fluorine-contained photoreact i ve 
compound wherein R 1 and R 2 in the formula (1) are epoxy 
groups is a compound represented by the following formula 

(la) : 

[0039] 

[Chem. 3] 
Formula (la) 
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^_CHCH 2 — ^OF f J— CH.OHy 

o o 

[0040] 

wherein n is an integer of 4 to 20. 

As the fluorine-contained phot oreact ive compound 
wherein R 1 and R 2 in the formula (1) are oxetanyl groups, 
there is preferably used a compound wherein each of R 1 and 
R 2 has an oxetanyl group represented by the following 
formula ( 2 ) : 
[0041] 
[Chem. 4] 
Formula (2) 
R 5 . 




[0042] 

wherein R 5 is a hydrogen atom or an alkyl group having 
1 to 10 carbon atoms. 

More specifically, there can be exemplified a compound 

represented by the following formula (lb) : 

[0043] 

[Chem. 5] 

Formula (lb) 




O 

[0044 ] 
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wherein R 5 is the same as described above, and n is 
an integer of 4 to 20. 
[0045] 

Examples of the anionic 
photopolymeri zat ion-reactive group include a vinyl group 
having an electron withdrawing group, cyclic ether groups, 
such as epoxy and oxetanyl groups, which are also the 
above-mentioned cationic phot opo 1 ymer i z able groups , 
cyclic urethane groups, cyclic ureas, and cyclic siloxane 
groups . 
[0046] 

An example of the polymer i zat ion- reactive group based 
on photodimer izat ion requiring no initiator is a vinyl 
cinnamate group. It is also possible to use a relationship 
between a donating group and an accepting group whose 
reaction advances at a ratio of 1 : 1. An example of the 
donating group is a maleimide group, and an example of the 
accepting group is a vinyl ether group. In this case, it 
is advisable that a compound wherein R 1 and R 2 are donating 
groups and a compound wherein R 1 and R 2 are accepting groups 
are mixed at a ratio of 1 : 1, and the mixture is used. 
[0047] 

Specific examples of the combination of R 1 and R 2 which 
can be bonded to each other and are different from each 
other include a combination of an acryloyl group and a 
methacryloyl group, and a combination of an epoxy group 
and an oxetanyl group. 
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[0048] 

R 3 and R 4 are single bonds or bivalent hydrocarbon 
groups having 1 to 5 carbon atoms to each other. A case 
in which repeating units of a methylene fluoride group (CF 2 ) 
are bonded directly (that is, bonded through single bonds) 
to R 1 and R 2 is also included in the definition of R 3 and 
R 4 . Hydrocarbon groups R 3 and R 4 may be linear hydrocarbon 
groups or hydrocarbon groups having a side chain. Specific 
examples of the hydrocarbon group include methylene, 
ethylene, t r imethy lene , tet ramethylene and propylene or 
the like. Methylene is preferable in order to make the 
refractive index as low as possible. 
[0049] 

The number n of the repeating units of the methylene 
fluoride group (CF 2 ) is preferably from 1 to 30 from the 
viewpoint of diffusing/moving ability, and is more 
preferably from 4 to 20, from the viewpoint of 
volatilization and safety as well as the diffusing/moving 
ability . 
[0050] 

The method for synthesizing the fluorine-contained 
photoreact i ve compound represented by the formula (1) may 
be, for example, a method of deriving this compound from 
fluorinated diiodo alkane. In a case where each of R 1 and 
R 2 is an epoxy group and n is 4, if the known method, for 
example a synthesis method according to a method described 
in, for example, Japanese Patent Application Publication 



22 



(JP-B) Nos. 54-11284, 59-22712 or 6-60116, or J. Fluorine 
Chem. , 73, 151(1995) or the like is performed by using 
octaf luoro-1 , 4 -diiodobutane (trade name: 1-8407, 
manufactured by Daikin Industries, Ltd.) as the starting 
material, the fluorine-contained photoreact ive compound 
can be synthesized via a diol derivative from the starting 
material . 
[0051] 

In a case where each of R 1 and R 2 is an oxetanyl group, 
if the above-mentioned diol derivative is converted to an 
alkali metal alcoholate and further the alcoholate is 
reacted with a sulfonate of a 3-hydroxymethyloxetanes , 
referring to a known method, for example, a method described 
in JP-A No. 2000-336082, can be synthesized. 
[0052] 

The volume hologram recording photosensitive 
composition according to the present invention may be 
incorporate with the other components such as a 
photopolymerization initiator, a binder resin, a 
sensitizing dye, a refractive index modulating component 
other than the fluorine-contained photoreact ive compound 
or the like together with the fluorine-contained 
photoreact ive compound having a chemical structure of the 
formula (1) described above, as required. 
[0053] 

It is preferable to incorporate, into the volume 
hologram recording photosensitive composition according 



23 



to the present invention, a photopolymerizat ion initiator 
for initiating or promoting polymerization or dimer i zat ion 
reaction of the fluorine-contained photoreact i ve compound 
by interference-exposure. The photopolymer i zat ion 
initiator is appropriately selected from a radical 
photopolymerization initiator, a cationic 
photopolymeri zat ion initiator, an anionic 
photopolymerization initiator, and other initiators in 
accordance with the style of the photoreaction, and then 
used . 
[0054] 

Examples of the radical photopolymerization 
initiator include imidazole derivatives, bisimidazole 
derivatives, N-ar y lglycine derivatives, organic azide 
compounds, titanocenes, aluminate complexes, organic 
peroxides, N-al koxypyr idinium salts, and thioxanthone 
derivatives. Specific examples thereof include 
1, 3-di (tert-butyldioxycarbonyl) ben zophe none , 
3, 3' , 4, 4' -tetrakis (tert-butyldioxycarbonyl) benzophenon 
e , 3 -phenyl- 5 -i sooxa zolone , 2 -mercapt obenzimida zole , 
bis(2,4,5-triphenyl) imidazole, 

2 , 2-dimethoxy-l ,2-diphenylethane-l-one (trade name : 
Irgacure 651, manufactured by Ciba Specialty Chemicals, 
inc. ) , 1-hydroxy-cyclohexyl-phenyl-ketone (trade name: 
Irgacure 184, manufactured by Ciba Specialty Chemicals, 
inc . ) , 

2-benzyl-2-dimethylamino-l- ( 4 -morphol inopheny 1 ) -butane 
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-1-one (trade name: Irgacure 369, manufactured by Ciba 
Specialty Chemicals, inc.), and bis 

(r| 5 -2, 4-cyclopentadiene-l-yl) -bis (2, 6-dif luoro-3- (IH-p 
yrrole-l-yl) -phenyl) titanium) (trade name: Irgacure 784, 
manufactured by Ciba Specialty Chemicals, inc) . However, 
it is not limited to these examples. 
[0055] 

Examples of the cationic photopolymer i zat ion 
initiator include sulfonates, imidesulfonate, 
dial ky 1-4 -hydroxysulf oni urn salts, p-nitrobenzyl 
arylsulf onate , silanol-aluminum complexes, and 

(r| 6 -benzene ) (r| 5 -cyclopent adienyl ) iron (II) . Specific 
examples thereof include benzoin tosylate, 
2 , 5-dinitrobenzyl tosylate, and N-tosylphthalic imide. 
However, it is not limited to these examples. 

[0056] 

Examples of a compound which can be used as either 
of the radical photopolymer i zat ion initiator or the 
cationic photopolymer i zat ion initiator include aromatic 
iodonium salts, aromatic sulfonium salts, aromatic 
diazonium salts, aromatic phosphonium salts, triazine 
compounds, and iron arene complexes. Specific examples 
thereof include: iodonium salts of chloride, bromide, 
borofluoride, hexaf luor ophospha te , hexaf luoroant imonate 
or the like of iodoniums such as diphenyliodonium, 
ditolyliodonium, bis (p-tert-butylphenyl) iodonium and 
bis (p-chlorophenyl ) iodonium, sulfonium salt s of chloride, 
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bromide , borof luoride , hexaf luorophosphate , 
fluoroantimonate or the like of sulfonates such as 
triphenylsulfonium, 4 - tert-but yl t riphenyl sul f onium and 
tris ( 4-methylphenyl ) sulfonium, and 

2 , 4 , 6-subst ituted-1 , 3 , 5-tria zine compounds such as 
2, 4, 6-tris ( t r ichlorome t hyl ) -1,3, 5-tria zine, 
2-phenyl-4, 6-bis ( t r ichloromethyl ) -1,3, 5-triazine and 
2-methyl-4 , 6-bis ( trichloromethyl ) -1 , 3 , 5-triazine or the 
like. However, it is not limited to these examples. 
[0057] 

Examples of the anionic phot opolymer i zat ion 
initiator include compounds which generate amine by 
irradiation with, for instance, ultraviolet rays. 
Specific examples thereof include 1 , 1 0-di aminodecane , 
4,4' -trimethylenedipiperidine, carbomates and 
derivatives thereof, cobalt-amine complexes, 
aminooxyiminos , and ammonium borates or the like. Example 
of a product commercially a vail able is NBC -101 manufactured 
by Midori Kagaku Co., Ltd. 
[0058] 

The photopolymerization initiator is preferably 
subjected to decomposition treatment after hologram 
recording from a viewpoint of a stabilization of the 
recorded hologram. For example, the initiator of an 
organic peroxide type is easily decomposed by irradiation 
with ultraviolet rays, thus being preferable. 
[0059] 
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By incorporating a binder resin into the volume 
hologram recording photosensitive composition according 
to the present invention, a non-fluid volume hologram 
recording layer can be formed on a substrate, and it is 
accordingly used as a dry-developable hologram forming 
material . 
[0060] 

The fluorine-contained photoreact ive compound 
having the structure represented by the formula (1) makes 
it possible to produce a hologram by itself without other 
components such as the binder resin being incorporated. 
In this case, however, the fluidity of this compound is 
too high, and it is therefore necessary that a method to 
put the fluorine-contained photoreact ive compound 
air-tightly between transparent substrates such as glass 
is applied and then an interference-exposure is carried 
out . 
[0061] 

The fluorine-contained photoreact ive compound 
represented by the formula (1) exhibits superior 
compatibility with various binder resins. For example, 
ordinary thermoplastic resins, oligomer type setting 
resins, organic-inorganic hybrid resins, and so on can be 
used. The fluorine-contained phot or eact i ve compound is 
a low refractive index type refractive index modulating 
component, and therefore, in order to make the refractive 
index modulation (An) after interference-exposure large, 
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it is preferred to use a binder resin having a large 
refractive index. The binder resin may have 
polymerization reactivity or have no polymerization 
reactivity. In a case where the binder resin has 
polymerization reactivity, a volume hologram recording 
photosensitive medium or a volume hologram using the volume 
hologram recording photosensitive composition according 
to the present invention is improved in the membrane 
physical properties such as strength and heat resistance 
or the like, whereby being preferable. 
[0062] 

As the binder resin, specifically, there may be used 
poly (meth)acrylate or partially-hydrolyzed products 
thereof, polyvinyl acetate or hydrolyzed products thereof, 
polyvinyl alcohol or part ially-acetalized products 
thereof, triace t ylcellulose , polyisoprene , polybut adiene , 
polychloroprene , silicone rubber, polystyrene, polyvinyl 
butyral, polyvinyl chloride, polyarylate, chlorinated 
polyethylene , chlorinated polypropylene , 
poly-N-vinylcarbazole or derivatives thereof, 
poly-N-vinylpyrrolidone or its derivatives, copolymer of 
styrene and maleic anhydride or semi-esterif ied products 
thereof, copolymers which contain, as a component to be 
copolymerized, at least one selected from copolymer i zable 
monomers such as acrylic acid, acrylic esters, acrylamide, 
acrylonitrile , ethylene, propylene, vinyl chloride , vinyl 
acetate or the like, or mixture thereof. 
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[0063] 

As the binder resin, it is also possible to use an 
oligomer type setting resin. Examples thereof include 
epoxy compounds produced by condensation reaction of any 
one of various phenolic compounds such as bisphenol A, 
bisphenol S, Novolak, o-cresol Novolak, p-alkylphenol 
Novolak or the like and epichlorohydr in . 
[0064] 

As the binder resin, an organic-inorganic hybrid 
polymer using sol -gel reaction can alsobeused. An example 
of the organic-inorganic hybrid polymer is a copolymer of 
a vinyl monomer and an organic metal compound having a 
polymerizable group represented by the following formula 

(3) . 

[0065] 

RmM(OR')n Formula (3) 

wherein M represents a metal such as Si, Ti, Zr, Zn, In, 
Sn, Al or Se, R represents a vinyl group having 1 to 10 
carbon atoms, or a (meth) acryloyl group, R' represents an 
alkyl group having 1 to 10 carbon atoms, and m + n is the 
valence number of the metal M. 

Examples of the compound wherein the metal atom M 
is Si include vinyltriethoxysilane, vinylmethoxysilane, 
vinyltributoxysilane, vinyltriallyloxysilane, 
vinyltetraethoxysilane, viny 1 t et ramethoxy si lane , and 
(meth) acryloxypropyltrimethoxysilane and so on. 
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[0066] 

Examples of the vinyl monomer used in the 
organic-inorganic hybrid polymer include (meth ) acr yl ic 
acid and (meth ) acrylat es . However, they are not limited 
to these examples. 
[0067] 

Further, an organic metal compound represented by 
the following formula (4) can be added to the volume hologram 
recording photosensitive composition, to make the 
refractive index difference between the binder resin and 
the fluorine-contained photoreact ive compound larger. 
[0068] 

Formula (4) 
M' (OR") n' 

wherein M' represents a metal such as Ti, Zr, Zn, In, Sn, 
Al or Se, R" represents an alkyl group having 1 to 10 carbon 
atoms, and n' is the valence number of the metal M. 

When the organic metal compound represented by the 
formula (4) is added to the volume hologram recording 
photosensitive composition, the compound associates with 
the above-mentioned binder resin to form a network 
structure through sol-gel reaction in the presence of water 
and an acid catalyst, whereby providing effects of 
improving toughness or heat resistance of the resultant 
layer as well as raising of the refractive index of the 
binder. In order to raise the refractive index difference 
between the binder resin and the fluorine-contained 
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photoreactive compound, it is preferable to use, as the 
metal M' , one having a refractive index being as high as 
possible . 
[0069] 

It is more preferable to use, as the binder resin, 
a binder resin which can form a covalent bond with the 
photoreactive group of the fluorine-contained 
photoreactive compound. In this case, if unreacted 
molecules of the fluorine-contained photoreactive 
compound or polymer molecules of the fluorine-contained 
photoreactive compound after interference-exposure are 
covalent-bonded to the binder resin molecules in a given 
reaction style, a stable bond between the 

fluorine-contained photoreactive compound and the binder 
resin can be generated, thereby obtaining a hologram layer 
superior in layer strength, heat resistance. 
[0070] 

It is preferable to introduce a functional group which 
is photoreactive with or thermally-polymerizable with the 
photoreactive group of the fluorine-contained 
photoreactive compound, as a functional group capable of 
forming the above-mentioned covalent bond, into the binder 
resin. Any hologram recording material layer of a 
photopolymer type is frequently subjected to exposuring 
or heating homogenous over the entire surface thereof in 
order to promote the variation in the refractive index or 
complete the polymerization reaction after the process of 



31 



interference-exposure. In a case where the functional 
group of the binder resin is photopolymer i zable or 
thermally polymerizable with the photopolymeri zable group 
of the fluorine-contained photoreact i ve compound, the 
following two processes can be unified to one process in 
a common reaction style: the process of exposing or heating 
the whole surface of a layer made of the hologram recording 
photosensitive composition (hereinafter referred to as "a 
hologram recording material layer") in order to promote 
the variation in the refractive index or fix a hologram 
after interference-exposure and the process of 
copolymerizing the binder resin with the 

fluorine-contained photoreact ive compound or a polymer 
thereof in order to improve the membrane strength or the 
endurance of the hologram recording material layer, thus 
being preferable. 
[0071] 

It is particularly preferable to introduce a 
functional group photopolymer i zable with the 
photoreactive group of the fluorine-contained 
photoreactive compound into the binder resin. For example, 
when the fluorine-contained photoreactive compound has, 
as its photoreactive group, an ethylenically unsaturated 
group capable of causing addition polymerization reaction, 
a binder resin having a similar ethylenically unsaturated 
bond (preferably, an ethylenic double bond) capable of 
causing additional polymerization, such as an acryloyl 
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group or a methacr yloyl group is used. When the 
fluorine-contained photoreact ive compound has a cationic 
photopolymeri zable group such as an epoxy group, a binder 
resin having a functional group polymer i zable with the 
cationic photopolymeri zable group at the time of 
interference-exposure is used. Examples of the functional 
group polymerizable with the cationic photopolymeri zable 
group at the time of interference-exposure include 
functional groups such as hydroxyl and carboxylic groups 
as well as cationic photopolymeri zable groups themselves, 
such as epoxy and vinyl ether groups. 
[0072] 

In a case where the above-mentioned particularly 
preferable combination is adopted and when the hologram 
recording material layer is subjected to 
interference- exposure, the fluorine -contained 
photoreact ive compounds in intensely exposed regions are 
polymerized not only with other fluorine-contained 
photoreact ive compounds being adjacent but also with the 
surrounding the binder resin, and reactivity accordingly 
becomes high, thereby providing effect of improving the 
sensitivity at the time of the interference-exposure and 
the refractive index modulation. Also in this case, if 
ordinary exposuring or heating homogenous over the entire 
surface is carried out after the interference-exposure, 
the variation in the refractive index is promoted and the 
polymerization reaction is completed to form a hologram, 
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and further the formation of the covalent bond between the 
binder resin and the fluorine-contained photoreact i ve 
compound is further advanced so as to provide an 
advantageous effect that superior layer physical 
properties such as layer strength and heat resistance is 
give to the hologram recording material layer. 
[0073] 

As the binder resin, only one may be selected from 
the materials exemplified above to be used, or two or more 
may be mixed to be used. 
[0074] 

When the hologram recording material comprising two 
or more refractive index modulating components having 
different refractive indexes and phot opolymeri zat ion 
rates is subjected to interference-exposure, 
polymerization reaction of the refractive index modulating 
component having a higher polymerization rate advances 
preferentially in intensely exposed regions so that the 
concentration of the high polymerization rate refractive 
index modulating component rises. At the same time, the 
low polymerization rate refractive index modulating 
component is driven out from the intensely exposed regions 
to be diffused and moved to weakly-exposed regions and 
polymerized and fixed therein. As a result, a refractive 
index difference between the intensely exposed regions and 
the weakly-exposed regions is generated on the basis of 
the respective refractive indexes of the different kinds 
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of refractive index modulating components . This is volume 
exclusion effect. 
[0075] 

In order to make the refractive index modulation An 
large by such volume exclusion effect, it is allowable to 
incorporate, into the volume hologram recording 
photosensitive material of the present invention, a second 
refractive index modulating component having a refractive 
index different from that of the fluorine-contained 
photoreact ive compound represented by the formula (1) and 
having a polymerization rate different from that of the 
fluorine-contained photoreact ive compound . 
[0076] 

The fluorine-contained photoreact ive compound 
represented by the formula (1) is a low refractive index 
type refractive index modulating component and the second 
refractive index modulating component is a high refractive 
index type refractive index modulating component in usual . 
Therefore, when the polymerization rate of the 
fluorine-contained phot oreact ive compound represented by 
the formula (1) is larger than that of the second refractive 
index modulating component, the fluorine-contained 
photoreact ive compounds diffuse and move to the intensely 
exposed regions to concentrate and cause lowering of the 
refractive index in usual, while the second refractive 
index modulating components are driven out from the 
intensely exposed regions to be diffused and moved to the 
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weakly-exposed regions to concentrate and cause rising of 
the refractive index in usual. On the other hand, when 
the polymerization rate of the fluorine-contained 
photoreact ive compound represented by the formula (1) is 
lower than that of the second refractive index modulating 
component, the converse to the above-mentioned case is 
caused. That is, a refractive index usually becomes high 
in the intensely exposed regions by rising concentration 
of the second refractive index modulating component, and 
a refractive index usually becomes low in the 
weakly-exposed regions by rising concentration of 
fluorine -contained photoreactive compound . 
[0077] 

As the second refractive index modulating component, 
there can be used a compound which can undergo the advance 
of polymerization or dimerization by irradiation with light 
and can diffuse and move in the volume hologram recording 
material layer (provided that the fluorine-contained 
photoreactive compound represented by the formula (1) is 
excluded) . Examples thereof include compounds which can 
undergo the advance of polymerization in a reaction style 
such as radical photopolymer ization, cationic 
phot opolymeri zat ion , anionic phot opolymer i za t ion , or 
polymerization via phot odimeri zat ion . About the second 
refractive index modulating component, differences of the 
refractive index and the polymerization rate thereof from 
those of the fluorine-contained photoreactive compound 
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represented by the formula (1) are preferably made as large 

as possible. 

[0078] 

The second refractive index modulating component is 
a component for enlarging the refractive index modulation 
An generated by the refractive index difference between 
the f luor ine-contained photoreact ive compound represented 
by the formula (1) and the binder resin. For this reason, 
as the second refractive index modulating component, 
selected is a component satisfying a largeness and 
smallness relationship having the same tendency as the 
largeness and smallness relationship between the 
refractive index of the fluorine-contained phot oreact ive 
compound and that of the binder resin. In other words, 
the fluorine-contained photoreact ive compound is 
generally a low refractive index type refractive index 
modulating component , and therefore , a binder resin having 
a high refractive index is usually combined with the 
fluorine-contained photoreact ive compound, and further as 
the second refractive index modulating component, there 
is used a high refractive index type refractive index 
modulating component (that is, a refractive index 
modulating component which is unevenly located and 
polymerized in the intensely exposed regions or 
weakly-exposed regions so as to make the refractive index 
of the regions high) like the binder resin. 
[0079] 



37 



If the second refractive index modulating component 
has a polymerization rate different from that of the 
fluorine-contained photoreact i ve compound represented by 
the formula (1) , the reaction styles of the two may be the 
same, for example, as when the two are radical 
photopolymerizable, or may be different, for example, as 
when one thereof is radical photopolymerizable and the 
other is cationic photopolymerizable. 
[0080] 

As the second refractive index modulating component, 
an oligomer or a polymer containing a phot oreact ive group 
may be used. It is however preferable to use a monomer 
containing a phot oreact ive and bondable group since the 
refractive index modulating component diffuse and move more 
easily in the hologram recording material layer at the time 
of interference-exposure as the molecular weight thereof 
is smaller. 
[0081] 

The radical photopolymerizable compound out of the 
second refractive index modulating component may be a 
compound having at least one ethylenically unsaturated bond 
capable of being addition-polymerized. Examples thereof 
include unsaturated carboxylic acid and salts thereof, 
esters of unsaturated carboxylic acid and aliphatic 
polyvalent alcohol, and amide compounds of unsaturated 
carboxylic acid and aliphatic polyvalent amine compound. 
Specific examples of monomer of the ester of unsaturated 
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carboxylic acid and aliphatic polyvalent alcohol include 
ethylene glycol di (meth ) acrylat e , triethylene glycol 
di (meth) acrylate, 1, 3-butanediol di (meth) acrylate, 
tetramethylene glycol di (meth ) aery late , propylene glycol 
di (meth) acrylate, neopentyl glycol di (meth) acrylate, 
trimethylolpropane tri (meth) acrylate, 

trimethylolpropane tri ( (meth) aery loyloxypropyl ) ether, 
trimethylolethane tri (meth) acrylate, hexanediol 
di (meth) acrylate, 1, 4 -cyclohexanediol di (meth) acrylate, 
tetraethylene glycol di (meth) acrylate, pent aerythr it ol 
di (meth) acrylate, pentaerythritol tri (meth) acrylate, 
pentaerythritol tetra (meth) acrylate, dipent aerythr it ol 
di (meth) acrylate, dipent aery thr it ol tri (meth) acrylate, 
dipentaerythritol tetra (meth) acrylate, 
dipentaerythritol hexa (meth) acrylate, sorbitol 
tri (meth) acrylate, sorbitol tetra (meth) acrylate, 
sorbitol penta (meth) acrylate, sorbitol 
hexa (meth) acrylate, 

tri ( (meth) acryloyloxyethyl ) i socyanura te , polyester 
(meth ) acrylate oligomer, 2 -phenoxye thy 1 (meth ) acrylate , 
phenolethoxylate mono (meth) acrylate, 

2- (p-chlorophenoxy ) ethyl (meth) acrylate, p-chlorophenyl 
(meth) acrylate, phenyl (meth) acrylate, 2 -phenylethyl 
(meth) acrylate, (2- (meth) acryloxyethyl ) ether of 

bisphenol A, ethoxidized bisphenol A diacrylate, 

2- ( 1-naphthyloxy ) ethyl (meth) acrylate, o-bi phenyl 

acrylate , 
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9, 9-bis (4-( meth) acr yloxydie t hoxypheny 1 ) fluorene, 

9, 9-bis (4- (meth) acr yloxy trie thoxyphenyl ) fluorene, 

9, 9-bis ( 4-acryloxydipropoxyphenyl ) fluorene, 

9, 9-bis ( 4 -acryloxyethoxy-3-methylphenyl ) fluorene, 

9, 9-bis (4-acryloxyethoxy-3-ethylphenyl) fluorene, and 

9 , 9-bis ( 4 -acryloxyethoxy-3 , 5-dimethyl ) f luorene or the 

like. Sulfur-contained acryl compounds disclosed in JP-A 

No. 61-72748 can also be used. Examples thereof include 

4,4'-bis(p-(meth) acr yloyloxy ethyl thio ) diphenylsulf one , 

4 , 4 ' -bis (P- (meth) acr yloyloxy ethyl thio ) diphenyl ketone, 

4,4' -bis (p- (meth) acryl oyloxy ethyl thio ) -3,3',5,5'-tetra 

bromo diphenyl ketone, 

2, 4 -bis (P- (meth) acryloyloxyethylthio ) dipenyl ketone . 
However, acryl compounds which can be used are not limited 
to these examples. 
[0082] 

Examples of the cationic photopolymer i zable compound 
out of the second refractive index modulating component 
include cyclic ethers such as epoxy and oxetanyl rings, 
thioethers and vinyl ethers. Specific examples of the 
epoxy ring contained compound include polyalkylene glycol 
diglycidyl ether, bisphenol A diglycidyl ether, glycerin 
triglycidyl ether, diglycerol triglycidyl ether, 
diglycidyl hexahydrophthalate , t rime thy lolpropan e 
diglycidyl ether, allyl glycidyl ether, phenyl glycidyl 
ether, and cyclohexene oxide. However, the epoxy ring 
contained compound is not limited to these examples. 
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[0083] 

As the anionic photopolymer i zable compound out of 
the second refractive index modulating components, a vinyl 
monomer having an electron withdrawing property, that is, 
a monomer having an electron withdrawing group and an 
ethylenic double bond whose anionic polymerization 
activity is made high by the electron withdrawing group 
can be used. Examples of such a monomer include styrene, 
methyl a-cyanoacry late , methyl vinyl ketone, and 
acrylonit rile . As the anionic polymeri zable compound, 
there can be appropriately used a monomer having a chemical 
structure capable of undergoing ring-opening 
polymerization by an anionic catalyst, such as a cyclic 
ether, a lactone, a lactam, a cyclic urethane, a cyclic 
urea, or a cyclic siloxane. 
[0084] 

A visible laser beam, for example, an argon ion laser 
(458 nm, 488 nm or 514.5 nm) , a krypton ion laser ( 647 .1 
nm) , a YAG laser (532 nm) or some other laser is used to 
record holograms, and it is preferable to add a sensitizing 
dye to the volume hologram recording photosensitive 
composition in order to improve the sensitivity at each 
laser beam wavelength. 

[0085] 

It is preferable to use, as the sensitizing dye, a 
visible light sensitizing dye. Examples thereof include 
thiopyrylium type, merocyanine type, quinoline type, 
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styrylquinoline type, coumalin type, ketocoumalin type, 
thioxanthene type, xanthene type, oxonol type, cyaninetype, 
rhodamine type, and pyrylium salt type dyes. Specific 
examples of the cyanine type and merocyanine type dyes 
include 3, 3' -dicarboxyle thyl-2 , 2' -thiocyanine bromide, 
1-carboxymethyl-l' -carboxyethyl-2, 2 ' -quinocyanine 
bromide, 1 , 3 ' -diethyl-2 , 2 ' -quinothiacyanine iodide, and 
3-ethyl-5- [ (3 -ethyl- 2 (3H) -benzothiazolidene ) ethyl idene 
] -2-thioxo-4 -oxazolidine . Specific examples of the 
coumalin type and ketocoumalin type dyes include 
3- (2' -benzimidazol ) 7-N,N' -diethylaminocoumalin , 
3, 3' -carbonylbis ( 7 -diethylaminocoumal in ) , 
3, 3' -carbonylbiscoumalin , 

3, 3' -carbonylbis (5, 7-dimethoxycoumalin) , and 
3, 3' -carbonylbis (7-acetoxycoumalin) . However, the 
sensitizing dye is not limited to these examples. When 
a high transparency is required as in a case of an optical 
element, a sensitizing dye may preferably be such that it 
becomes colorless due to decomposition, etc., caused by 
heating or irradiation with ultraviolet rays in a 
subsequent process after recording a hologram. 
[0086] 

These sensitizing dyes may be used alone or in the 
form of a mixture of two or more thereof. 
[0087 ] 

When the volume hologram recording photosensitive 
composition according to the present invention contains 
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the binder resin, the fluorine-contained photoreact i ve 
compound represented by the formula (1) is used preferably 
in an amount of 10 to 1000 parts by weight, preferably in 
an amount of 10 to 160 parts by weight per 100 parts by 
weight of the binder resin. Any conventional 
fluorine-contained photoreact ive compound, for example, 
a commercially available fluorine -contained photoreact ive 
compound (trade name: Viscoat 17F, manufactured by Osaka 
Organic Chemical Industry Ltd.) can merely be contained 
up to an amount of about 35 parts by weight per 100 parts 
by weight of acrylic type binder resin in the view of 
compatibility with the other components . In contrast, the 
fluorine-contained photoreact ive compound represented by 
the formula (1) can be contained in an amount of 1000 parts 
or more by weight with a result that the An can be improved. 
[0088] 

The photopolymerization initiator is used preferably 
in an amount of 0.1 to 30 parts by weight, preferably in 
an amount of 2 to 20 parts by weight per 100 parts by weight 
of the binder resin. 
[0089] 

The second refractive index modulating component is 
used in an amount of 10 to 1000 parts by weight, preferably 
in an amount of 10 to 160 parts by weight per 100 parts 
by weight of the binder resin. 
[0090] 

The sensitizing dye is used in an amount of 0.01 to 
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20 parts by weight, preferably in an amount of 0.01 to 10 
parts by weight per 100 parts by weight of the binder resin. 
[0091] 

Appropriate amounts of various additives, such as 
aplasticizer, an adhesiveness control agent (adhesiveness 
supplier), and an antioxidant, besides the above-mentioned 
components, may be appropriately incorporated into the 
composition dependently on the purpose of the composition. 
[0092] 

A coating liquid for the application of the volume 
hologram recording photosensitive composition according 
to the present invention can be prepared by dissolving the 
above-mentioned respective materials into acetone, methyl 
ethyl ketone, methyl isobutyl ketone, cyclohexanone , 
benzene, toluene, xylene, chlorobenzene , tet rahydrof uran , 
methyl cello solve , ethyl cello solve , methyl cellosolve 
acetate, ethylcellosolve acetate, ethyl acetate, 
1, 4-dioxane, 1, 2-dichlor oethane , dichloromethane , 
chloroform, methanol, ethanol, isopropanol or a mixed 
solvent thereof. However, when the fluorine-contained 
photoreact ive compound or the other blend components are 
in a liquid form at ambient temperature, the use amount 
of the coating solvent can be reduced, and there may be 
a case in which no coating solvent is necessary. 
[0093] 

The coating liquid is applied to a suitable substrate 
film by spin coating, gravure coating, comma coating, bar 
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coating or some other coating, and then dried, thereby 
forming a layer made of the volume hologram recording 
photosensitive composition (hereinafter referred to as a 
"volume hologram recording material layer") . In this way, 
a volume hologram recording photosensitive medium is 
yielded. The thickness of the volume hologram recording 
material layer is preferably set to 1 to 100 jam, more 
preferably 2 to 40 |im . 
[0094] 

The substrate film of the volume hologram recording 
photosensitive medium may be a film having transparency, 
and examples thereof include polyethylene, polypropylene, 
f luorinated polyethylene , f luorinated polyvinylidene , 
polyvinyl chloride, polyvinylidene chloride, 
ethylene- vinyl alcohol copolymer, polyvinyl alcohol, 
polymethyl methacrylate, polyethersulfone, 
po 1 ye theret her ketone, poly amide, 

tetraf luoroethylene-perf luoroalkyl vinyl ether copolymer, 
polyester (such as polyethylene terephthalate) , and 
polyimide films. The film thickness thereof may be from 
2 to 200 |am, and is preferably from 10 to 50 |im. 
[0095] 

Also, when the volume hologram recording material 
layer after being dried is adhesive, any one of the films 
exemplified above as the substrate film can be laminated 
thereon as a protective film. In this case, the contact 
surface of the laminated film with the volume hologram 
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recording material layer may be subjected to releasing 
treatment in order that the film will easily be peeled 
afterwards . 
[0096] 

The volume hologram recording photosensitive medium 
obtained as described above is a medium wherein a volume 
hologram recording material layer is disposed on the 
substrate film, the hologram recording material layer 
containing the fluorine-contained photoreact ive compound 
represented by the formula (1). 
[0097] 

The volume hologram recording photosensitive medium 
according to the present invention can be subjected to 
interference-exposure by any known method, whereby forming 
a volume hologram. 
[0098] 

For example, a volume hologram is formed by opposing 
and adhering a hologram original plate to the hologram 
recording material layer of the volume hologram recording 
photosensitive medium, and subjecting the resultant to 
interference-exposure with a visible beam or ionizing 
radioactive rays such as ultra violet rays or an electron 
beam from its transparent substrate film side. 
[0099] 

It is also possible, as desired, to carry out a 
treatment such as exposuring or heating over the entire 
surface after the interference-exposure, in order to 
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promote the variation in the refractive index or complete 
the polymerization reaction due to the 
interference-exposure . 
[0100] 

The volume hologram recording mechanism of the volume 
hologram recording photosensitive composition of the 
present invention canbe consideredtobe the same mechanism 
as has been stated hitherto. That is, when the film-form 
photosensitive composition is subjected to 
interference-exposure, the fluorine-contained 
photoreact ive compounds are photopolymer i zed in regions 
of the hologram recording material layer in which the light 
is intensely radiated and a concentration gradient of the 
fluorine-contained phot oreact ive compounds is generated 
accordingly. Thus, the fluorine-contained phot oreact ive 
compounds diffuse and move from weakly-exposed regions to 
the intensely exposed regions. As a result, the 
fluorine-contained phot or eact i ve compounds become dense 
or thin in accordance with the intensity or weakness of 
the interference light so as to exhibit a refractive index 
difference. In this case, the refractive index is lower 
in regions exposed to light having a larger intensity. This 
refractive index difference generates interference 
fringes to form a volume hologram. 
[0101] 

In a case where a binder is contained, when the hologram 
recording photosensitive composition is subjected to 
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interference-exposure, the refractive index in the 
weakly-exposed regions, which are rich in the binder resin, 
becomes high, while the refractive index in the 
intensely-exposed regions, which are rich in the 
fluorine-contained photoreact i ve compound or a polymer 
produced therefrom, becomes very low. As a result thereof, 
a refractive index modulation can be made large. 
[0102] 

When the hologram recording photosensitive 
composition comprises the second refractive index 
modulating component together with the fluorine-contained 
photoreact ive compound, the fluorine-contained 
photoreact ive compound and the second refractive index 
modulating component diffuse and move so that one having 
a larger polymerization rate out of the two is unevenly 
located in intensely exposed regions and the other, which 
has a smaller polymerization rate, is unevenly located in 
weakly-exposed regions. As a result, concentration of the 
fluorine-contained phot or eact i ve compound becomes dense 
or thin in accordance with the intensity or weakness of 
the interference light so as to exhibit a refractive index 
difference. This refractive index difference generates 
interference fringes to form a volume hologram. 
[0103] 

As described above, interference-exposure causes 
interference fringes to be generated in the hologram 
recording material layer of the volume hologram recording 
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photosensitive medium according to the present invention, 
so that this layer is converted to a hologram layer, thereby 
obtaining a volume hologram. 
[0104 ] 

In a case where a volume hologram is formed by 
subjecting a layer made of the volume hologram recording 
photosensitive composition according to the present 
invention, to interference-exposure, a volume hologram 
having a large refractive index modulation (An) can be 
produced, and a volume hologram wherein the refractive 
index modulation (An) between its low refractive index 
regions and its high refractive index regions is 0.025 or 
more can be produced. 

[0105] 

[EXAMPLES] 

The present invention will be described hereafter 
by way of the examples. 
[0106] 

1. Production of a volume hologram 
(Example 1) 

(1) Preparation of a volume hologram recording 
photosensitive composition 

The following components were mixed to yield a volume 
hologram recording photosensitive composition. 
<Composit ion> 

* Acrylic resin (trade name: BR-73, manufactured by 
Mitsubishi Rayon Co., Ltd.): 100 parts by weight 
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* Fluorine-contained photoreact i ve compound 
represented by the following formula (5) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712, and 6-60116, J. Fluorine Chem. , 73, 151 (1995) 
and so on) : 70 parts by weight 

[0107] 
[Chem. 6] 
Formula (5) 

CH 2 =CH-CO-CH 2 -(CF 2 CF2)3— CH 2 -OC-CH=CH 2 
O O 

[0108] 

* Irgacure 784 (manufactured by Ciba Specialty 
Chemicals, inc.): 5 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 

(2) Production of a volume hologram recording 
photosensitive medium 

The above-mentioned volume hologram recording 
photosensitive composition was applied onto a polyethylene 
terephthalate ( referred to as PET hereinafter ) film (trade 
name: LUMIRROR T-60, manufactured by Toray Industries, 
Inc. ) having a thickness of 38 jam with a bar coater to form 
a hologram recording material layer having a thickness of 
20 jam after being dried. In this way, a volume hologram 
recording photosensitive medium was produced. 
[0109] 

(3) Production of a volume hologram 
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The volume hologram recording photosensitive medium 
was laminated onto a mirror insuchamannerthatits hologram 
recording material layer contacted the mirror. An argon 
laser beam having a wavelength of 514.5 nm was radiated 
into the medium from its PET film side so as to conduct 
interference-exposure. In this way, a volume hologram was 
recorded . 
[0110] 

Next, the interference fringes were fixed by heating 
and irradiation with ultraviolet rays, to yield a volume 
hologram . 

[0111] 

(Example 2) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows . 
<Composit ion> 

* Vinyl acetate-acrylic copolymer resin (copolymer 
of vinyl acetate /ethyl acrylate/acrylic acid (composition 
ratio = 50/45/5)) prepared by radical polymerization in 
a usually way, weight average molecular weight = 100000) : 
100 parts by weight 

* Fluorine-contained photoreact ive compound 
represented by the following formula (5) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712, and 6-60116, J. Fluorine Chem., 73, 151 (1995) 
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and so on) : 70 parts by weight 
[0112] 
[Chem. 7] 
Formula (5) 

CH 2 =CH-CO-CH2-(CF 2 CF2)3— CH 2 -OC-CH=CH 2 
O O 

[0113] 

* Fluorene skeleton-contained compound represented 
by the following formula (6) (synthesized by a known method 
from bisphenoxyethanol fluorene and epichlorohydrin) : 80 
parts by weight 

[0114] 

[Chem. 8] 
Formula (6) 

^ j CH 2 -Q-CH 2 CH 2 -0^ ^^^_o-CH 2 CH 2 -0-CH 2 -^^ 




[0115] 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia): 5 parts by weight 

* 

3 -Ethyl -5- [ (3 -ethyl- 2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
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(Example 3) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows. 
<Composition> 

* Vinyl acetate-acrylic copolymer resin (copolymer 
of vinyl acetate/ethyl acrylate/acrylic acid (composition 
ratio = 50/45/5)) prepared by radical polymerization in 
a usually way, weight average molecular weight = 100000) : 
100 parts by weight 

* Fluorine-contained photoreact ive compound 
represented by the following formula (5) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712, and 6-60116, J. Fluorine Chem., 73, 151 (1995) 
and so on): 70 parts by weight, 

[0116] 
[Chem. 9] 
Formula (5) 

CH 2 =CH-CO-CH 2 -(CF 2 CF 2 ) 3 — CH 2 -OC-CH=CH 2 
O O 

[0117] 

* Polyethylene glycol diacrylate (trade name: A-400, 
manufactured by Shin-Na kamur a Chemical Co . , Ltd.) : 20parts 
by weight 

* Fluorene skeleton-contained compound represented 
by the following formula (6) (synthesized by a known method 
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from bisphenoxyethanol fluorene and epichlorohydrin ) : 80 
parts by weight 
[0118] 
[Chem. 10] 
Formula (6) 

t^-j— CH2-0-CH 2 CH2-0^ ^— Q-CH 2 CH2-0-CH 2 --yy 

° yC O 




[0119] 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 5 parts by weight 

3 -Ethyl- 5- [ (3 -ethyl- 2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 4) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows . 
<Composit ion> 

Fluorine-contained photoreact i ve compound 
represented by the following formula (5) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
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59-22712, and 6-60116, J. Fluorine Chem., 73, 151 (1995) 

and so on) : 70 parts by weight 

[0120] 

[Chem. 11] 

Formula (5) 

CH 2 =CH-CO-CH 2 -(CF 2 CF 2 ) 3 — CH 2 -OC-~CH=CH 2 
O O 

[0121] 

* Polyethylene glycol diacrylate (trade name: A-400, 
manufactured by Shin-Nakamura Chemical Co . , Ltd.) : 20 parts 
by weight 

* Fluorene skeleton-contained compound represented 
by the following formula (6) (synthesized by a known method 
from bisphenoxyethanol and epichlorohydr in ) : 80 parts by 
weight 

[0122] 
[Chem. 12] 
Formula (6) 

Yy—CH 2 -Q-CH 2 CH 2 -Q-^ ^— Q-CH 2 CH 2 -Q-CH 2 -^-y 

O >< O 




[0123] 

* Diaryl iodonium salt (trade name: PI2074, 

manufactured by Rhodia) : 5 parts by weight 
* 

3-Ethyl-5- [ (3 -ethyl- 2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
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manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight, 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 5) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows. 
<Composit ion> 

Fluorine-contained photoreactive compound 
represented by the following formula (5) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712, and 6-60116, J. Fluorine Chem., 73, 151 (1995) 
and so on) : 70 parts by weight 
[0124] 
[Chem. 13] 
Formula (5) 

CH 2 =CH-CO-CH2-(CF 2 CF2)3— CH 2 -OC-CH=CH 2 
O O 

[0125] 

* Polyethylene glycol diacrylate (trade name: A-400, 
manufactured by Shin-Na kamura Chemical Co . , Ltd.) : 20parts 
by weight 

* Bisphenol type epoxy oligomer (trade name: Epikote 
1007 , manufactured by Japan Epoxy Resins Co. , Ltd. ) : 180 
parts by weight 



56 



* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia): 10 parts by weight 

3 -Ethyl -5- [ (3 -ethyl -2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.) : 2 parts by weight 

* Methanol: 50 parts by weight 

* Methyl ethyl ketone: 50 parts by weight 
(Example 6) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows . 
< Compos it ion> 

* Vinyl acetate-acrylic copolymer resin (copolymer 
of vinyl acetate /ethyl acrylate/acrylic acid (composition 
ratio = 50/45/5)) prepared by radical polymerization in 
a usually way, weight average molecular weight = 100000) : 
100 parts by weight 

* Fluorine-contained photoreact ive compound 
represented by the following formula (7) (trade name: 
E-7432, manufactured by Daikin Industries, Ltd. ) : 70 parts 
by weight 

[0126] 
[Chem. 14] 
Formula (7) 
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V/ 

O 



/ CH-CH 2 -(CF 2 CF2)2-CH2-CH 




[0127] 



* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia): 5 parts by weight 



3 -Ethyl- 5 - [ (3 -ethyl -2 (3H) -benzothiazolilidene) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 



* Methyl ethyl ketone: 30 parts by weight 
(Example 7) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows. 
<Compos it ion> 

* Acrylic resin (trade name: BR-73, manufactured by 
Mitsubishi Rayon Co., Ltd.): 100 parts by weight 

* Fluorine-contained photoreact ive compound 
represented by the following formula (7) (trade name: 
E-7432, manufactured by Daikin Industries, Ltd. ) : 70 parts 
by weight, 

[0128] 
[Chem. 15] 
Formula ( 7 ) 



Methanol: 30 parts by weight 



X7 

o 



/ CH-CH 2 -(CF 2 CF2)2-CH2-CH 




[0129] 



* Polyethylene glycol diglycidyl ether (trade name: 
DENACOL EX-821, manufactured by Nagase ChemteX 
Corporation) : 30 parts by weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 5 parts by weight 



3-Ethyl-5- [ (3-ethyl-2 (3H) -benzothiazolilidene ) ethylide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 8) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows. 
< Compos it ion> 

* Acrylic resin (trade name: BR-73, manufactured by 
Mitsubishi Rayon Co. , Ltd.): 100 parts by weight 

* Fluorine-contained photor eact i ve compound 
represented by the following formula (7) (trade name: 
E-7432, manufactured by Dai kin Industries, Ltd.) : 150 parts 
by weight 



[0130] 
[Chem. 16] 
Formula (7) 

Y^CH-CH 2 "(CF 2 CF2)2-CH2-Chh- y 
O O 

[0131] 

* 9, 9-Bis ( 4-acryloxydiethoxyphenyl ) fluorene 
(synthesized by a known method from bisphenoxyethanol 
fluorene and acrylic acid) : 150 parts by weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 10 parts by weight 

3 -Ethyl -5- [ (3 -ethyl -2 (3H) -benzothiazolilidene) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 

* Methanol: 50 parts by weight 

* Methyl ethyl ketone: 50 parts by weight 
(Example 9) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows . 
<Composition> 

* Acrylic resin (trade name: BR-73, manufactured by 
Mitsubishi Rayon Co., Ltd.): 100 parts by weight 

* Fluorine-contained photoreact i ve compound 
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represented by the following formula (7) (trade name: 
E-7 4 32, manufacturedby Daikin Industries, Ltd.): 150 parts 
by weight 
[0132] 
[Chem. 17] 
Formula (7) 

v CH-CH 2 -(CF 2 CF2)2-CH2~CH— 7 



4 , 4 ' -bis (P-methacryloyloxyethylthio) diphenylsulf one : 
150 parts by weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 10 parts by weight 



3-Ethyl-5- [ (3 -ethyl -2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 

* Methanol: 50 parts by weight 

* Methyl ethyl ketone: 50 parts by weight 
(Example 10) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the volume hologram recording 
photosensitive composition was changed as follows. 
<Compos it ion> 



* Acrylic resin (trade name: BR-73, manufactured by 





O 



O 



[0133] 



* 
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Mitsubishi Rayon Co 



Ltd.): 100 parts by weight 



* Fluorine-contained phot oreact i ve compound 
represented by the following formula (7) (trade name: 
E-7432, manufactured by Daikin Industries, Ltd. ) : 75 parts 
by weight 
[0134] 
[Chem. 18] 
Formula (7) 

v CH-CH 2 -(CF 2 CF2)2-CH2-CH — 7 



* Polyethylene glycol diglycidyl ether (trade name: 
DENACOL EX-821, manufactured by Nagase ChemteX 
Corporation) : 50 parts by weight 

* 9, 9-Bis ( 4 -acryloxydiethoxyphenyl ) f luorene 
(synthesized by a known method from bisphenoxyethanol 
fluorene and acrylic acid) : 80 parts by weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 5 parts by weight 



3-Ethyl-5- [ (3 -ethyl- 2 (3H) -benzothia zolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 11) 





O 



O 



[0135] 
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A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows . 
<Composit ion> 

* Epoxy group-contained acrylic resin (trade name: 
Blemer CP-50S, manufactured by NOF Corporation) : 100 parts 
by weight 

* Fluorine-contained photoreact i ve compound 
represented by the following formula (5) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712, and 6-60116, J. Fluor ine Chem . , 73, 151 (1995) 
and so on) : 70 parts by weight 

[0136] 
[Chem. 19] 
Formula (5) 

CH 2 =CH-CO-CH2-(CF 2 CF2)3— CH 2 -OC-CH=CH 2 
O O 

[0137] 

* 9, 9-Bis ( 4 -acryloxydiethoxyphenyl ) fluorene 
(synthesized by a known method from bisphenoxyethanol 
fluorene and acrylic acid) : 80 parts by weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia): 5 parts by weight 

3 -E thy 1-5- [ (3 -ethyl -2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
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manufactured by Hayashibara Biochemical Laboratories, 
Inc.) : 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 12) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows. 
<Composit ion> 

* Vinyl acetate-acrylic copolymer resin (copolymer 
of vinyl acetate /ethyl acrylate/acrylic acid (composition 
ratio = 50/45/5)) prepared by radical polymerization in 
a usually way, weight average molecular weight = 100000) : 
100 parts by weight 

* Fluorine-contained photoreact ive compound 
represented by the following formula (5) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712, and 6-60116, J. Fluorine Chem., 73, 151 (1995) 
and so on) : 70 parts by weight 

[0138] 
[Chem. 20] 
Formula (5) 

CH 2 =CH-CO-CH2-(CF 2 CF2)3— CH 2 -OC-CH=CH 2 
O O 

[0139] 

* Titania-disper sed solution (titania particle size 
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= 30 nm, MI BK solution, solid content = 30%) : 30 parts by 
weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 5 parts by weight 

3 -Ethyl -5- [ ( 3 -e thy 1-2 (3H) -benzothiazolilidene) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.) : 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 13) 

(1) Preparation of zirconia fine particles onto which 
an ethylenically unsaturated bond was introduced 

There was used a coupling agent, 
3-acryloxypropyltrimethoxysilane having an ethylenically 
unsaturated double bond (tradename: KBM5103, manufactured 
by Shin-Etsu Chemical Co., Ltd.) . The coupling agent was 
added to a zirconia dispersed solution (zirconia particle 
size: 30 nm, MIBK solution) prepared so as to have a solid 
content of 30% in such a manner that the concentration of 
the coupling agent would be 2% by weight of the zirconia 
while the solution was stirred. The solution was further 
stirred, and then subjected to filtration and drying so 
as to yield target zirconia fine particles onto which the 
ethylenically unsaturated bond was introduced. As the 
method for surf ace-treat ing metal fine particles , dry, wet, 



65 



blend and other methods are known. According to any one 
of the methods, surfaces of the metal fine particles can 
be coupling-treated. 
[0140] 

(2) Production of a volume hologram recording 
photosensitive composition, a volume hologram recording 
photosensitive medium, and a volume hologram 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows . 
<Composit ion> 

* Acrylic resin (trade name: BR-73, manufactured by 
Mitsubishi Rayon Co., Ltd.): 20 parts by weight 



represented by the following formula (7) (trade name: 
E-7432, manufactured by Daikin Industries, Ltd. ) : 75 parts 
by weight 
[0141] 
[Chem. 21] 
Formula (7) 

r — / CH-CH 2 -(CF 2 CF2)2-CH2-CH — 7 



* The above-mentioned zirconia fine particles onto 
which the ethylenically unsaturated bond was introduced: 
60 parts by weight 



* Fluorine-contained photoreact i ve compound 





[0142] 
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* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 3 parts by weight 

3-Ethyl-5- [ (3 -ethyl -2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.) : 1 part by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 14) 

(1) Preparation of an organic-inorganic hybrid 
polymer starting solution 

Ethyl acrylate (manufactured by KAN TO KAGAKU) and 
3-acryloxypropyltrimethoxysilane (trade name: KBM 5103, 
manufactured by Shin-Etsu Chemical Co. , Ltd. ) with 6: 4 in 
terms of mole ratio are polymerized for 8 hours under reflux 
using benzene as a solvent and benzoyl peroxide as a 
polymerization initiator. After the end of the reaction, 
unreacted products and benzene were removed to purify and 
subjected to drying under decompression to yield a polymer. 
[0143] 

The resultant polymer was dissolved into acetone, 
and thereto were added water, hydrochloric acid, and 
zirconium butoxide (tradename: ORGATIX ZA60, manufactured 
by Matsumoto Chemical Industry Co. , Ltd. ) so as to advance 
sol-gel reaction, thereby yielding a target 
organic-inorganic hybrid polymer starting solution. 
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[0144] 

(2) Production of a volume hologram recording 
photosensitive composition, a volume hologram recording 
photosensitive medium, and a volume hologram 

A volume hologram was produced in the same conditions 
as in Example 1 except that the composition of the volume 
hologram recording photosensitive composition was changed 
as follows . 
<Composit ion> 

* The above-mentioned organic-inorganic hybrid 
polymer solution: 100 parts by weight (solid content) 

* Fluorine-contained photoreact ive compound 
represented by the following formula (7) (trade name: 
E-7432, manufactured by Daikin Industries, Ltd. ) : 75 parts 
by weight 

[0145] 
[Chem. 22] 
Formula (7) 

Y^CH-CH 2 -(CF 2 CF2)2-CH2-ChHy 
O O 

[0146] 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia): 5 parts by weight, 

3 -Ethyl -5- [ (3 -ethyl -2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
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Inc.): 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 15) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the volume hologram recording 
photosensitive composition was changed as follows. 
<Composit ion> 

* Acrylic resin (trade name: BR-73, manufactured by 
Mitsubishi Rayon Co., Ltd.): 100 parts by weight 

* Fluorine-contained photoreact ive compound 
represented by the following formula (8) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712 and 6-60116, JP-A No. 2000-336082, J. Fluorine 
Chem. , 73, 151 (1995) and so on): 75 parts by weight 
[0147] 

[Chem. 23] 
Formula (8) 

CH3CH2^^CH2CH2-(CF2CF2)2-CH 2 CH2^ r -CH 2 CH3 



* 1 , 6-Hexanediol diglycidyl ether (trade name: 
DENACOL EX-212, manufactured by Nagase ChemteX 
Corporation) : 50 parts by weight 

* 9, 9-Bis ( 4 -acryloxydiethoxypheny 1 ) fluorene 
(synthesized by a known method from bisphenoxyethanol 





[0148] 
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fluorene and acrylic acid) : 80 parts by weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 5 parts by weight 

3-Ethyl-5- [ (3 -ethyl -2 (3H) -benzothiazolilidene ) ethylide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.) : 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Example 16) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the volume hologram recording 
photosensitive composition was changed as follows. 
<Composi t ion> 

* Vinyl acetate-acrylic copolymer resin (copolymer 
of vinyl acetate /ethyl acrylate /acrylic acid (composition 
ratio = 50/45/5)) prepared by radical polymerization in 
a usually way, weight average molecular weight = 100000) : 
100 parts by weight 

* Fluorine-contained photoreact ive compound 
represented by the following formula (8) (synthesized with 
reference to methods described in JP-B No. 54-11284, 
59-22712 and 6-60116, JP-A No. 2000-336082, J. Fluorine 
Chem., 73, 151 (1995) and so on): 70 parts by weight 
[0149] 

[Chem. 24] 
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Formula (8) 



CH3CH2 




CH2CH2 — (CF2CF2)2 — CH2CH2 




CH2CH3 



[0150] 



* Trimethylolpropane triacrylate (tradename: A-TMPT, 
manufactured by Shin-Nakamura Chemical Co . , Ltd.) : 20 parts 
by weight 

* 1 , 6-Hexanediol diglycidyl ether (trade name: 
DENACOL EX-212, manufactured by Nagase ChemteX 
Corporation) : 30 parts by weight 



4 , 4 ' -Bis (p-methacryloyloxyethylthio) diphenylsulf one : 
80 parts by weight 

* Diaryl iodonium salt (trade name: PI2074, 
manufactured by Rhodia) : 5 parts by weight 



3-Ethyl-5- [ (3 -ethyl -2 (3H) -benzothiazolilidene ) ethyl ide 
ne] -2-thioxo-4-oxazolidinone (trade name: NK-1473, 
manufactured by Hayashibara Biochemical Laboratories, 
Inc.): 2 parts by weight 

* Methanol: 30 parts by weight 

* Methyl ethyl ketone: 30 parts by weight 
(Comparative Example 1) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the fluorine-contained 
photoreact i ve compound in the volume hologram recording 
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photosensitive composition of Example 1 was changed to 
polyethylene glycol diacrylate (trade name: A-400, 
manufactured by Shin-Nakamura Chemical Co., Ltd.). 
[0151] 

(Comparative Example 2) 

A volume hologram was produced in the same conditions 
as in Example 1 except that the fluorine-contained 
photoreactive compound in the volume hologram recording 
photosensitive composition of Example 1 was changed to 
polyethylene glycol diglycidyl ether (trade name: DENACOL 
EX-821, manufactured by Nagase ChemteX Corporation) and 
Irgacure 784 was changed to diaryl iodonium salt (trade 
name: PI2074, manufactured by Rhodia). 

[0152] 

(Comparative Example 3) 

A volume hologram was produced under the same 
conditions as in Example 1 except that the 
fluorine-contained photoreactive compound in the volume 
hologram recording photosensitive composition of Example 
1 was changed to 1H, 1H, 2H, 2H-hept adeca f luorodecy 1 
acrylate (trade name: Viscoat 17F, manufactured by Osaka 
Organic Chemistry Industry Ltd.). As a result, the 
hologram recording material layer whitely clouded. Thus, 
no volume hologram was unable to be recorded. 
[0153] 

(Comparative Example 4) 

A volume hologram was produced under the same 
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conditions as in Example 1 except that the 
fluorine-contained photoreact ive compound in the volume 
hologram recording photosensitive composition of Example 
1 was changed to a poly functional fluorine-contained 
photoreactive compound (trade name: ART- 3 , manufactured 
by KYOEISYA CHEMICAL Co. , Ltd. ) . As a result, the hologram 
recording material layer whitely clouded. Thus, no volume 
hologram was unable to be recorded. 
[0154] 

2. Evaluation of the refractive index modulation (An): 

A spectrophotometer (trade name: UVPC-3100, 
manufactured by Shimadzu Corporation) was used to measure 
the transmittance, and the diffraction efficiency r\ = (A 
- B) /B was calculated by determining 
the peak transmittance being as "A" and the base 
transmittance being as "B" in the resultant spectral 
transmittance curve (see FIG. 1). 
[0155] 

From the value of the diffraction efficiency, the 
refractive index modulation (An) was calculated from the 
following theoretical equation based on Kogelnik' s 
coup led- wave theory (Bell Syst. Tech. J. , 48, 2909 (1969)): 

r\ = tanh 2 (ti ( An) d/Xcos9o) 
wherein d represents the thickness of the photosensitive 
material layer, X represents the wavelength of the recording 
laser, and 9 0 represents the incident angle of the recording 
laser into the photosensitive material. 
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[0156] 

The evaluation results of the refractive index 
modulations are shown in Table 1. 
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[0157] 



[Table 1] 
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Example 1 
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Example 9 


0 . 032 


example iu 


0.036 


Example 11 


0 . 021 


Example 12 


0.026 


Example 13 


0 . 028 


Example 14 


0.031 


Example 15 


0.033 


Example 16 


0 .031 


Comparative 
Example 1 
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Comparative 
Example 2 


0 . 008 


Comparative 
Example 3 
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Comparative 
Example 4 


Cloudiness 
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[0158] 

[Effect of the Invention] 

As described above, in the volume hologram recording 
photosensitive composition according to the present 
invention, a fluorine-contained phot oreact i ve compound 
having a structure represented by the formula (1) is used 
as a refractive index modulating component. This 
fluorine-contained phot or eact i ve compound has a very low 
refractive index and is further superior in compatibility 
with other blend components such as a binder resin and 
polymerization reactivity and diffusing/moving ability at 
the time of interference-exposure. Therefore, this 
compound is suitable for a low refractive index type 
refractive index modulating component. By incorporating 
this component , asa refractive index modulating component , 
into a volume hologram recording photosensitive 
composition, superior sensitivity and refractive index 
modulating effect can be obtained. 
[0159] 

By adding, to this fluorine-contained photoreact ive 
compound, other blend components such as a 
photopolymerization initiator, a binder resin or the like, 
a non-fluid volume hologram recording layer can be formed 
on a substrate. Thus, a dry-developable volume hologram 
recording photosensitive medium having a good sensitivity 
and a large refractive index modulation can be obtained. 

[0160] 
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Accordingly , provided are a volume hologram recording 
material, a volume hologram recording medium and a volume 
hologram which are superior in hologram recording 
performances, such as a refractive index modulation and 
sensitivity . 
[0161] 

When a binder resin capable of forming a covalent 
bond with the fluorine-contained phot oreact i ve compound 
is used as the binder resin in the present invention, the 
layer strength and the heat resistance of the hologram layer 
can be improved. 
[0162] 

In this case, it is possible to provide a volume 
hologram recording material, a volume hologram recording 
medium and a volume hologram which are superior in not only 
hologram recording performances , such as a refractive index 
modulation, sensitivity and transparency but also physical 
properties such as strength and heat resistance. Thus, 
it is expected that these are applied to wide fields such 
as an optical element or the like. 
[0163] 

When the binder resin capable of forming a covalent 
bond with the fluorine-contained phot oreact ive compound 
is a binder resin the functional group of which can be 
photopolymerized with a photoreact ive group of the 
fluorine-contained phot or eact i ve compound at the time of 
interference-exposure , the fluorine -contained 
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photoreact i ve compound is also polymerized with the binder 
resin in intensely exposed regions so that the reactivity 
thereof is increased. Consequently, the refractive index 
modulation and the sensitivity can be further improved. 

[Brief description of the drawing] 

[FIG. 1] 

FIG. 1 is a graph showing a method for calculating 
diffraction efficiency. 
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[Document Name] Drawing 
[FIG. 1] 

Calculation of diffraction efficiency 
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[Document Title] ABSTRACT 
[Abstract] 

[Object] To provide a volume hologram recording material, 
a recording medium, and a volume hologram which have a large 
refractive index modulation. 

[Means of Solution] A volume hologram recording 
photosensitive composition, which is characterized in that 
it comprises at least a fluorine-contained photoreact i ve 
compound represented by formula (1): R^R 3 - ( CF 2 ) n -R 4 ~R 2 
wherein R 1 and R 2 are photoreact ive groups which can be 
bonded to each other, and R 3 and R 4 are single bonds or 
bivalent hydrocarbon groups having 1 to 5 carbon atoms, 
and n is an integer of 1 to 30. 
[Selected drawing] None 
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